Immunization of cattle with the bacillus Calmette-Guérin (BCG) vaccine, especially neonates, induces protection against Mycobacterium bovis (M. bovis) and has been proposed as a strategy for bovine tuberculosis (bTB) control. Therefore, the aim of this study was to evaluate the immune response induced under field conditions in neonatal calves vaccinated with BCG Phipps, a strain that has rarely been evaluated in the bovine population, using interferon (IFN)-γ and tuberculin tests, flow cytometry and enzyme-linked immunosorbent assay. Two groups (vaccinated and control) of 5 calves were monitored for 12 weeks, and increases in the in vitro IFN-γ production, the percentage of cluster of differentiation (CD)8 + T cells and the activation levels of CD4 + and CD8 + T cells were observed 3 to 4 weeks post-vaccination. Bovine purified protein derivative-specific IFN-γ production was increased about 4.8-and 5.5-fold in vaccinated animals compared to non-vaccinated animals 3 and 4 weeks post-vaccination respectively. CD8 + T cells of the vaccinated group were increased 1.6-, 1.5-and 1.6-fold at weeks 2, 3 and 4 respectively. Levels of activation were 1.7-and 1.9-fold higher for CD4 + T cells and 2.3-and 1.8-fold higher for CD8 + T cells in the vaccinated group at weeks 3 and 4 respectively in response to M. bovis antigens. However, no animals (vaccinated or control) showed positive results for the single intradermal comparative tuberculin test (SICTT). Therefore, our results indicate that vaccination with M.
Introduction
The persistence of bovine tuberculosis (bTB) poses a major economic problem and a global human health risk because the etiological agent,
Mycobacterium bovis (M. bovis), can also infect humans. Conventionally, control of bTB is based on a test and slaughter strategy, which is a costly method for the developing world. Therefore, vaccination has been proposed as a potential control alternative, and studies have been performed to determine the efficacy of tuberculosis (TB) vaccines [1, 2] . The bacillus Calmette-Guérin (BCG) has demonstrated variable efficacy against TB in humans and cattle [3] . More recently, the application of alternative vaccination strategies, such as neonatal vaccination [4] , and heterologous prime-boost vaccination [5] , has significantly improved the efficacy of BCG in cattle.
However, control of bTB using the BCG vaccine has not been regarded as a suitable option because it can interfere with the tuberculin skin test. Therefore, a vaccine devoid of this shortfall is urgently needed.
BCG vaccination of calves elicits a T helper (Th)
1-biased immune response [6] , which is induced mainly by T cell antigen-specific interferon (IFN)-γ secretion [4] . In cattle infected with M. bovis, the γδ work- Briefly, bacteria were grown to mid log phase in 7H9 and either avian or bovine purified protein derivative (PPD), both at 20 µg/ml, or PBS was added. The cultures were incubated for 24 h at 37 °C, and the IFN-γ levels in the plasma supernatants were measured using a sandwich ELISA (kit Bovigam®, Prionics AG, Schlieren-Zurich, Switzerland) as described previously [11] . The results were interpreted according to the criteria described in the commercial kit instructions.
Detection of IgG Antibodies in Serum
Serological responses were assessed by ELISA, as described previously [12] , and were used for two purposes: to select animals that were negative for M. 
Flow Cytometry
The lymphocyte subpopulations were evaluated by flow cytometry as described previously [13] .
Heparinized blood was obtained from animals, and the red blood cells were lysed. To evaluate cellular activation, blood samples were previously incubated for 24 h at 37 °C with either M. bovis CFPE (7 μg/ml) or PBS [14] . Norm [9] .
Statistical Analysis
Significant differences between groups for all the tests conducted in this study were determined using student t-tests with JMP 5.0.1 software for Windows (SAS Institute Inc., Cary, NC, USA). A probability of P < 0.05 was considered significant.
Results

IFN-γ Production
The production of IFN-γ prior to and at intervals ranging from 1 to 12 weeks post-vaccination was measured in antigen-stimulated blood cultures (Table 1) . 
T cell Subpopulations
The There is little evidence that the induction of antibodies post-vaccination plays an important role in bTB resistance [18] . Moreover, it has been reported that it may contribute to the dissemination of extra-thoracic disease in calves. In our study, vaccination of calves with BCG Phipps did not induce an antibody response to mycobacterial antigens early after vaccination, as previously reported [19] . however, no differences in peripheral T cell subpopulations were observed [20] . In the present study, no significant changes were observed in γδ WC1 The tuberculin skin test remains the immunodiagnostic tool most commonly applied for detecting bTB [28] . However, BCG-vaccinated cattle can react positively to the test, invalidating the diagnosis [29] . In the present study, the SICTT was demonstrated that the T cell subpopulations involved in the delayed hypersensitivity reaction differ markedly from those participating in protection [37, 38] .
Therefore, the mechanisms involved in these responses remain an interesting topic for future research.
Conclusion
The results from this study provide information 
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